The photosynthetic apparatus of higher plants consists of discrete cytoplasmic organelles, the chloroplasts, which contain proteins, lipids, pigments, water. and other substances. Relatively little is known, apparently, concerning the composition of the lipid fraction of the chloroplast. Menke (11) found that fatty acids composed 57.8 % of the dry weight of the chloroplasts of sugar beet, 48.8 % in sunflower, and 60.0 % in red clover. Isolated chloroplasts of sunflower incorporated acetate-C14 into higher fatty acids in either light or darkness, but bean chloroplasts did not. In manometric experiments, chloroplasts of bean oxidized palmitic, oleic, linoleic, and linolenic acids. Therefore, the chloroplasts are metabolically active in both fatty acid synthesis and oxidation.
pholipids.
Menke (9) isolated chloroplasts from spinach leaves by centrifugation; he found that their lipid content was approximately 37 %. The ether-soluble fraction of the chloroplasts is a complex mixture of pigments, fatty acids, glycerides, phosphatides, and sterols. Bot (1) isolated grana from chloroplasts of Received July 24, 1961.
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Lathyrius odoratuts and Spinacia oleracea. These were shown to have an ether-soluble fraction, excluding chlorophyll, of 18 to 30 % of the dry weight in sweet pea and 26 to 32 % in spinach. Comar (4) determined the lipid content of spinach chloroplasts as 34%.
Menke and Jacob (10) extracted isolated chloroplasts of spinach with ether or ether-alcohol mixtures. The extracts were fractionated into a larger acetonesoluble fraction, making up about 80 % of the total, and containing the pigments, triglycerides and sterols, and an acetone-insoluble fraction including phosphatides and waxes. The pigment-free portion of the acetone-soluble fraction consisted of 5.1 % glycerol, 42.2 % fatty acids, 49.0 % triglycerides, and 2.1 % sterols.
Sisakyan and Smirnov (11) found that fatty acids composed 57.8 % of the dry weight of the chloroplasts of sugar beet, 48.8 % in sunflower, and 60.0 % in red clover. Isolated chloroplasts of sunflower incorporated acetate-C14 into higher fatty acids in either light or darkness, but bean chloroplasts did not. In manometric experiments, chloroplasts of bean oxidized palmitic, oleic, linoleic, and linolenic acids. Therefore, the chloroplasts are metabolically active in both fatty acid synthesis and oxidation.
Zill and Harmon (14) for 30 seconds in 0.35 Mt sodium chloride in a Waring blender. The homogenate was filtered through cheesecloth and centrifuged for 10 minutes at approximately 100 X g. The precipitate was discarded.
The combined supernatants of three batches treated in this manner were centrifuged for 10 minutes at 600 X g. The supernatant was discarded and the residue was suspended in a minimal volume of 0.35 at NaCl. The operations described above were all performed at 4 C.
To the chloroplast suspension were added 25 ml of 10 % KOH in 90 % ethanol. The mixture was refluxed under nitrogen for 1 hour. Non-saponifiable matter was removed by multiple extractions of the alkaline solution with petroleum ether, and the fatty acids were extracted from the acidified solution by use of petroleum ether. Anhydrous sodium sulfate was used for drying the extract. Aliquots of the extract were treated under nitrogen with diazomethane in order to esterify the fatty acids.
Fatty acid composition was determined by gasliquid chromatography of the methyl esters in a Barber-Colman instrument equipped with an ionization detector. The column packing was 12.5 % by weight of ethylene glycol-succinate polyester coated on acid-washed 80 to 100 mesh chromosorb W. The column length was 6 feet, and column temperature was 185 C. Argon weas used as the carrier gas; the gas flow rate was 160 ml/minute. The amount of each component present in the chromatographe-1 sample was determined by integration of the area under the curve. Identification of the major components was done by comparing retention times with those obtained with pure standards. A portion of the methyl esters was hydrogenated using platinum oxide as catalyst (Farquhar et al., 6) . The hydrogenated fatty acids were then analyzed by gas-liquid chromatography as described above.
Polyunsaturated fatty acids were also determined by alkaline isomerization and subsequent ultraviolet spectrophotometry (Holman, 7) .
Results
The total fatty acid composition of chloroplasts obtained from spinach leaves as determined by gasliquid chromatography is given in table I. The fatty acid present in largest quantity (69 % of the total fatty acids) was an 18-carbon fatty acid with a retention time similar to that of linolenic acid. By alkaline isomerization and subsequent ultraviolet spectrophotometry, this material was shown to be a triene. It is assumed that the acid is linolenic acid, but the position of the double bonds was not investigated. Palmitic acid was the only saturated fatty acid present in substantial quantities. An unsaturated fatty acid with relative retention time similar to that expected for a 16-carbon triene was present in amounts equal to about 11 % of the total. Linoleic acid, palmitoleic acid, and oleic acid were present, and five other fatty acids were detected in trace quantities. To determinee more definitely the ratio of 16-carbon to 18-carbon fatty acids in the chloroplasts, an aliquot of the total fatty acids was hydrogenated, using platinum oxide as catalyst; the hydrogenated sample was analyzed by gas-liquid chromatography. Two major components were obtained corresponding to palmitic acid (24 % of total) and stearic acid (76 % of total). Minor peaks (too small for calculation of area) were also seen with retention times corresponding to capric, lauric, and myristic acids. The sum of the areas of individual 16-carbon fatty acids (table I) is 25.5 %, which agrees satisfactorily with the figure (24 %) obtained after hydrogenation. Satisfactory agreement seas obtained also for the 18-carbon fatty acids (74.6 % versus 76 %).
Discussion
The present findings indicate that the complex lipid fraction of spinach chloroplasts includes at least 11 different fatty acids. Unsaturated fatty acids make up 89 % of the total fatty acids, with linolenic acid alone composing some 69 %. Fatty acids of the 18-carbon series make up 75 ca of the total; the remainder is almost entirely composed of 16-carbon acids, although C-10, C-12, and C-14 acids were detected in small amounts.
These results are closely comparable to those of Debuch (5), differing principally in that spinach contained considerably more of a 16-carbon trienoic acid and considerably less linoleic acid than the chloroplasts which she examined.
Since photosynthesis is now thought to involve the participation of oriented molecules of chlorophyll and other pigments at a lipid-protein interface, we hope that this analysis of the lipid fraction of the chloroplast may ultimately contribute to an increased understanding of photosynthesis.
Summary
The total fatty acid composition of chloroplasts of spinach has been determined by gas-liquid chromatography. About 
